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TI Bacterial small -molecule three-hybrid system based on 

the interaction of heterodimeric ligand-receptor interaction and use 
thereof for high- throughput drug screening 

AB A transgenic bacterial cell comprising (a) a dimeric small mol . which 

comprises a first moiety known to bind a first receptor domain covalently 

linked to a second moiety known to bind a second receptor domain; (b) 

nucleotide sequences which upon transcription encode (i) a first 

fusion protein comprising the first receptor domain, and 

(ii) a second fusion protein comprising the second 

receptor domain; and (c) a reporter gene wherein 

expression of the reporter gene is conditioned on the 

proximity of the first fusion protein to the second 

fusion protein. The cell is also adapted for use in a 

method for identifying a mol. that binds to a known target in a bacterial 
cell from a pool of candidate mols., and a method for identifying an 
unknown target receptor to which a mol . is capable of binding in a 
bacterial cell. Also described are compds . and kits for carrying out the 
methods, in particular, the synthesis of the Mtx-SLF heterodimer. In 
particular embodiments, the method is exemplified by using a small mol. 
heterodimeric Mtx-SLF (methotrexate-SLF (a synthetic analog of 
FK506) ) to bridge the Xcl DNA-binding domain, which is fused to 
FK506 receptor FKBP12 (FK5 06 -binding protein 12), and the activation 
domain - aNTD (the N-terminal domain of the a-subunit of RNA 
polymerase) , which is fused to methotrexate receptor DHFR 
(dihydrofolate reductase) . The interaction of XcI-FKBP12 and 
aNTD -DHFR fusion protein leads to the 
transcription activation of a lacZ reporter gene, in 



SOURCE: 



which the Xcl binding site is placed upstream of lacZ promoter. 
Thus, upon addition of the small mol . heterodimer Mtx-SLF, the 
XcI-FKBP12 and aNTD-DHFR fusion protein 

are dimerized, which then drives the lacZ transcription. This bacterial 
small mol. three-hybrid system is useful for 

high -throughput screening for small mol. drugs and drug- interacting 
protein targets. 
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TI Three hybrid assay system for isolating ligand-binding 

polypeptides and for isolating small mol. ligands 
AB The invention provides compns . and methods for isolating ligand-binding 
polypeptides for a user-specified ligand, and for isolating small mol. 
ligands for a user-specified target polypeptide using an improved class 
compds. Preparation of compds . , e.g a methotrexate 
by a polyethylene gycol moiety to dexamethasone, is 



hybrid ligand 
moiety linked 
described. 
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Bacterial small-mol. three-hybrid system comprising 

dimeric Mtx-SLF ligand that bridges A.cl and NTD fusion proteins for 

detecting protein-small molecule interactions 

The present invention provides a transgenic bacterial cell comprising (a) 

a dimeric small mol . which comprises a first moiety known to bind a first 

receptor domain covalently linked to a second moiety known to bind a 

second receptor domain; (b) nucleotide sequences which upon transcription 

encode (i) a first fusion protein comprising the first 

receptor domain, and (ii) a second fusion protein 

comprising the second receptor domain; and (c) a reporter 

gene wherein expression of the reporter gene 

is conditioned on the proximity of the first fusion 

protein to the second fusion protein. The 

cell is also adapted for use in a method for identifying a mol. that binds 
to a known target in a bacterial cell from a pool of candidate mols., and 
a method for identifying an unknown target receptor to which a mol. is 
capable of binding in a bacterial cell. Also described are compds . and 
kits for carrying out the methods. The examples describe the synthetic 
preparation of a heterodimer of methotrexate and a synthetic analog 
of FK507 (SLF) , referred to as Mtx-SLF. Mtx-SLF was used to dimerize a 
XcI-FK506 binding protein 12 protein chimera and an 
aNTD-dihydrofolate reductase protein chimera. 
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TI A bacterial small -molecule three-hybrid system 

AB The authors report the first robust bacterial RNA polymerase small mol. 
three-hybrid system. This system is based on the 
interaction between the small mol. methotrexate and a synthetic 
analog of FK506 (SLF) and their protein receptors, dihydrofolate reductase 
and FK506-binding protein 12 (FKBP12) . In this assay, the binding site 
for the DNA-binding protein Xcl is placed upstream of the promoter 
for a lacZ reporter gene. XCI is fused to 

FKBP12 and the N-terminal domain of the a-subunit of RNA polymerase 
(ccNTD) is fused to DHFR. Thus, upon addition of the small mol. 
heterodimer Mtx-SLF, the XcI-FKBP12 and aNTD-DHFR 
fusion protein are dimerized, thus activating 

transcription of the lacZ gene. Synthesis of the Mtx-SLF heterodimer is 
described. The levels of small mol. induced transcription activation were 
quantified using liquid lacZ assays. The levels of transcriptional 
activation depend on the concentration of Mtx-SLF in the bacterial three 
-hybrid system. The bacterial small mol. three- 
hybrid system described here should provide a platform for 
high- throughput assays based on protein-small mol. interactions. 
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TI Bacterial small -molecule three-hybrid system based on 

the interaction of heterodimeric ligand-receptor interaction and use 
thereof for high- throughput drug screening 

AB A transgenic bacterial cell comprising (a) a dimeric small mol . which 

comprises a first moiety known to bind a first receptor domain covalently 
linked to a second moiety known to bind a second receptor domain; (b) 
nucleotide sequences which upon transcription encode (i) a first 
fusion protein comprising the first receptor domain, and 
(ii) a second fusion protein comprising the second 
receptor domain; and (c) a reporter gene wherein expression of the 
reporter gene is conditioned on the proximity of the first fusion 
protein to the second fusion protein. The 

cell is also adapted for use in a method for identifying a mol. that binds 
to a known target in a bacterial cell from a pool of candidate mols., and 
a method for identifying an unknown target receptor to which a mol. is 
capable of binding in a bacterial cell. Also described are compds. and 
kits for carrying out the methods, in particular, the synthesis of the 
Mtx-SLF heterodimer. In particular embodiments, the method is exemplified 
by using a small mol. heterodimeric Mtx-SLF (methotrexate-SLF (a 
synthetic analog of FK506) ) to bridge the Xcl DNA-binding domain, 
which is fused to FK506 receptor FKBP12 (FK506-binding protein 12) , and 
the activation domain - aNTD (the N-terminal domain of the 
a-subunit of RNA polymerase) , which is fused to methotrexate 
receptor DHFR (dihydrof olate reductase) . The interaction of 
XcI-FKBP12 and aNTD -DHFR fusion protein 

leads to the transcription activation of a lacZ reporter gene, in which 
the Xcl binding site is placed upstream of lacZ promoter. Thus, 
upon addition of the small mol. heterodimer Mtx-SLF, the XcI-FKBP12 
and aNTD -DHFR fusion protein are dimerized, 

which then drives the lacZ transcription. This bacterial small mol. 
three-hybrid system is useful for high- throughput 

screening for small mol. drugs and drug- interacting protein targets. 
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Three hybrid assay system for isolating ligand-binding 
polypeptides and for isolating small mol . ligands 

The invention provides compns . and methods for isolating ligand-binding 
polypeptides for a user-specified ligand, and for isolating small mol. 
ligands for a user-specified target polypeptide using an improved class 
hybrid ligand compds . Preparation of compds., e.g a methotrexate 
moiety linked by a polyethylene gycol moiety to dexamethasone, is 
described. 
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Three hybrid assay system for 
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isolating small mol. ligands 
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Bacterial small-mol. three-hybrid system comprising 

dimeric Mtx-SLF ligand that bridges Xcl and NTD fusion proteins for 

detecting protein-small molecule interactions 

The present invention provides a transgenic bacterial cell comprising (a) 
a dimeric small mol . which comprises a first moiety known to bind a first 
receptor domain covalently linked to a second moiety known to bind a 
second receptor domain; (b) nucleotide sequences which upon transcription 
encode (i) a first fusion protein comprising the first 
receptor domain, and (ii) a second fusion protein 

comprising the second receptor domain; and (c) a reporter gene wherein 
expression of the reporter gene is conditioned on the proximity of the 
first fusion protein to the second fusion 

protein. The cell is also adapted for use in a method for 
identifying a mol. that binds to a known target in a bacterial cell from a 
pool of candidate mols., and a method for identifying an unknown target 
receptor to which a mol. is capable of binding in a bacterial cell. Also 
described are compds . and kits for carrying out the methods. The examples 
describe the synthetic preparation of a heterodimer of methotrexate 
and a synthetic analog of FK507 (SLF) , referred to as Mtx-SLF. Mtx-SLF 
was used to dimerize a X.CI-FK506 binding protein 12 protein chimera 
and an aNTD-dihydrofolate reductase protein chimera. 
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A bacterial small -molecule three-hybrid system 

The authors report the first robust bacterial RNA polymerase small mol . 

three-hybrid system. This system is based on the 

interaction between the small mol. methotrexate and a synthetic 

analog of FK506 (SLF) and their protein receptors, dihydrofolate reductase 

and FK506-binding protein 12 (FKBP12) . In this assay, the binding site 

for the DNA-binding protein Xcl is placed upstream of the promoter 

for a lacZ reporter gene. XCI is fused to FKBP12 and the 

N-terminal domain of the a-subunit of RNA polymerase (aNTD) is 

fused to DHFR. Thus, upon addition of the small mol. heterodimer Mtx-SLF, 

the XcI-FKBP12 and ctNTD-DHFR fusion protein 

are dimerized, thus activating transcription of the lacZ gene. Synthesis 
of the Mtx-SLF heterodimer is described. The levels of small mol. induced 
transcription activation were quantified using liquid lacZ assays. The 
levels of transcriptional activation depend on the concentration of Mtx-SLF in 
the bacterial three-hybrid system. The bacterial 
small mol. three-hybrid system described here should 

provide a platform for high -throughput assays based on protein-small mol. 
interactions . 
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TI Characterization of the Dexamethasone-Methotrexate yeast 
three-hybrid system 

AB A novel Chemical Inducer of Dimerization (CID) , Dexamethasone- 
Methotrexate (Dex-Mtx) , has been shown to effectively dimerize its 
receptor proteins in a yeast three-hybrid assay, where 

DHFR, the Mtx receptor, was bound to a DNA binding domain, and GR, the Dex 

receptor, was bound to a transcription activation domain. In order to 

characterize the Dex-Mtx system, systematic modifications were introduced 

to its different components, and their effect on dimerization efficiency 

was observed Several Dex-Mtx mols. were synthesized using aliphatic linkers of 

varying lengths, DHFR from a bacterial and mammalian source was used, the 

orientation of the fusion protein domains was 

reversed, and small peptide linkers were added between the domains. 
Beta-galactosidase activity was used as the reporter for dimerization 



efficiency. 
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TI Dexamethasone -Methotrexate: An Efficient Chemical Inducer of 

Protein Dimerization In Vivo 
AB A heterodimeric dexamethasone-methotrexate compound (Dex-Mtx) was 

prepared that can dimerize proteins efficiently in vivo. A yeast 

three-hybrid system and a standard p-galactosidase 

assay were used to show that Dex-Mtx (prepared in 8 steps in 2% overall 
yield) can activate lacZ transcription in vivo. 
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L4 ANSWER 1 OF 14 MEDLINE on STN 

TI Correlation between ligand-receptor affinity and the transcription readout 

in a yeast three-hybrid system. 
AB The yeast two-hybrid assay has proven to be a powerful method to detect 

protein-protein interactions as well as to derive genome-wide protein 

interaction maps. More recently, three-hybrid assays 



have emerged as a means to detect both protein-RNA and protein-small 
molecule interactions. Despite the routine use of the two-hybrid assay 
and the potential of three-hybrid systems, there has 

been little quantitative characterization to understand how the strength 
of the protein interaction correlates with transcription activation. It 
is not known if the additional interaction in three- 
hybrid systems compromises the sensitivity of the system. Thus, 
here, we set out to determine the K (D) cutoff of a small molecule 
three-hybrid system and to determine if there is a 

correlation between the K(D) and the levels of transcription activation. 
A series of mutations to FK506-binding protein 12 (FKBP12) were designed 
to vary the affinity of this protein for the small molecule synthetic 
ligand for FK506-binding protein 12 (SLF) . These FKBP12 variants were 
overexpressed and purified, and their K(D) ! s for SLF were measured using a 
fluorescence polarization assay. Then the levels of transcription 
activation in a Mtx-DHFR yeast three-hybrid system 
were determined for these variants using a lacZ reporter 
gene. The K(D) cutoff of the Mtx yeast three- 
hybrid system is found to be ca. 50 nM. Further, the levels of 
transcription activation correlate with the strength of the binding 
interaction, though the dynamic range is only 1 order of magnitude. These 
results establish that the three-hybrid assay has the 
requisite sensitivity for drug discovery. However, the small dynamic 
range highlights a limitation to equilibrium-based assays for 
discriminating interactions based on affinity. 
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TI Correlation between catalytic efficiency and the transcription read-out in 
chemical complementation: a general assay for enzyme catalysis. 

AB High -throughput assays for enzyme catalysis that can be applied to a broad 
range of chemical reactions are key to advances in directed evolution and 
proteomics. Recently, we reported such a general assay, chemical 
complementation, which links enzyme catalysis to reporter 
gene transcription in vivo using the yeast three- 
hybrid assay. In this proof -of -principle experiment, it was shown 
that a wild-type beta-lactamase enzyme could be isolated from a pool of 
inactive mutants using a lacZ screen. Ideally, however, such an assay 
should be able to distinguish enzymes based on their catalytic activity. 
Thus, here, we set out to determine if the catalytic efficiency of an 
enzyme variant does in fact correlate with its level of transcription 
activation in the chemical complementation assay. First, the reaction 
mechanism for the cleavage of the beta -lactam substrate used in the 



chemical complementation proof -of -principle experiment was determined. 
Then a series of beta-lactamase variants was designed to span several 
orders of magnitude in k(cat)/K(m) . The activity of each variant was 
determined both in vitro using purified enzyme and in vivo in the chemical 
complementation transcription assay. Beta-lactamase variants spanning 
three-orders of magnitude in k(cat)/K(m) could be distinguished in the 
assay, and the catalytic efficiency of each variant correlated with its 
level of transcription activation in vivo. These results establish the 
suitability of chemical complementation for the directed evolution of 
enzymes with improvements in catalytic activity and for profiling the 
relative substrate specificities of a group of enzymes in proteomics 
applications . 
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TI Receptor-dependence of the transcription read-out in a small -molecule 
three-hybrid system. 

AB Small -molecule three-hybrid systems show promise as an 

in vivo alternative to affinity chromatography for detecting 
small -molecule-protein interactions. While several three- 
hybrid systems have been reported, little has been done to 
characterize these systems and, in particular, to test the assumption that 
the protein-small -molecule interaction can be varied without disrupting 
the transcription read-out. Recently we reported a dexamethasone- 
methotrexate chemical inducer of dimerization (CID) for use in the 
yeast three-hybrid system, based on the well-studied 

ligand-receptor pairs dexamethasone (Dex) -glucocorticoid receptor (GR) and 
methotrexate (Mtx) -dihydrofolate reductase (DHFR) . Here we 
describe our first efforts to characterize this system, by focusing on a 
comparison of the activity of a bacterial and a mammalian DHFR as a test 
case of the influence of the ligand-receptor pair on the transcription 
read-out. By using a lacZ reporter gene, the activity 

of several GR and DHFR protein chimeras with different orientations and 
linker sequences and Dex-Mtx CIDs with different chemical linkers have 
been compared. In addition, Western analyses and in vivo biochemical 
assays have been carried out to confirm the integrity of the GR and DHFR 
protein chimeras. The transcription read-out is found to be much more 
sensitive to the structure of the protein chimeras than the CID. The most 
surprising result is that the levels of transcription activation are 
consistently higher with the bacterial than the mammalian DHFR, despite 
the fact that both proteins bind Mtx with an inhibition constant (K(I)) in 
the low pM range. These results set the stage for understanding 
three-hybrid systems at the biochemical level so that 
they can be used to detect ligand-receptor pairs with a range of 
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TI A GAL4 -based yeast three-hybrid system for the 

identification of small molecule-target protein interactions. 

AB We report the development of a yeast strain designed for assaying 
compound-protein interactions through activation of reporter 
gene expression. Activation of lacZ expression, driven by the 
GAL4 promoter, has been demonstrated for precedented compound -protein 
interactions between FK506 and FK506 binding protein 12 (FKBP12) and also 
between methotrexate (MTX) and dihydrofolate reductase (DHFR) . 
Reporter gene expression was completely abrogated in a 

competitive manner by the presence of excess FK506 or MTX, respectively. 
In addition, a strain expressing a mutated DHFR clone with decreased 
binding affinity for MTX was not capable of activating reporter 
gene expression. While strain sensitivity is compound -dependent, 
the minimum compound concentration necessary to drive reporter 
gene expression was 2 0 nM for the FK506-FKBP12 interaction. The 
utility of this strain as a tool for identifying unknown compound -binding 
proteins has been demonstrated by screening a mouse cDNA library for 
clones that encode proteins capable of binding MTX. Four library clones 
of mouse DHFR were identified after screening 5 x 10(6) clones. The 
screen background was low and false positives were easily identified, 
making this yeast system particularly amenable for use in a screening 
context for novel compound-protein interactions. 
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TI A GAL4 -based yeast three-hybrid system for the 

identification of small molecule-target protein interactions. 

AB We report the development of a yeast strain designed for assaying 
compound-protein interactions through activation of reporter 
gene expression. Activation of lacZ expression, driven by the 
GAL4 promoter, has been demonstrated for precedent ed compound -protein 
interactions between FK506 and FK506 binding protein 12 (FKBP12) and also 
between methotrexate (MTX) and dihydrofolate reductase (DHFR) . 
Reporter gene expression was completely abrogated in a 

competitive manner by the presence of excess FK506 or MTX, respectively. 
In addition, a strain expressing a mutated DHFR clone with decreased 
binding affinity for MTX was not capable of activating reporter 
gene expression. While strain sensitivity is compound -dependent, 
the minimum compound concentration necessary to drive reporter 
gene expression was 20 nM for the FK506-FKBP12 interaction. The 
utility of this strain as a tool for identifying unknown compound -binding 
proteins has been demonstrated by screening a mouse cDNA library for 
clones that encode proteins capable of binding MTX . Four library clones 
of mouse DHFR were identified after screening 5 X 106 clones. The screen 
background was low and false positives were easily identified, making this 
yeast system particularly amenable for use in a screening context for 
novel compound -protein interactions. 
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TI Bacterial small -molecule three-hybrid system based on 

the interaction of heterodimeric ligand- receptor interaction and use 
thereof for high- throughput drug screening 

AB A transgenic bacterial cell comprising (a) a dimeric small mol . which 

comprises a first moiety known to bind a first receptor domain covalently 
linked to a second moiety known to bind a second receptor domain; (b) 
nucleotide sequences which upon transcription encode (i) a first fusion 
protein comprising the first receptor domain, and (ii) a second fusion 
protein comprising the second receptor domain; and (c) a reporter 
gene wherein expression of the reporter gene 

is conditioned on the proximity of the first fusion protein to the second 
fusion protein. The cell is also adapted for use in a method for 
identifying a mol. that binds to a known target in a bacterial cell from a 
pool of candidate mols., and a method for identifying an unknown target 
receptor to which a mol. is capable of binding in a bacterial cell. Also 
described are compds . and kits for carrying out the methods, in 
particular, the synthesis of the Mtx-SLF heterodimer. In particular 
embodiments, the method is exemplified by using a small mol. heterodimeric 



SOURCE 



Mtx-SLF (methotrexate-SLF(a synthetic analog of FK506)) to 

bridge the Xcl DNA-binding domain, which is fused to FK506 receptor 

FKBP12 (FK506 -binding protein 12) , and the activation domain - aNTD 

(the N-terminal domain of the a-subunit of RNA polymerase) , which is 

fused to methotrexate receptor DHFR (dihydrofolate reductase) . 

The interaction of XcI-FKBP12 and aNTD -DHFR fusion protein 

leads to the transcription activation of a lacZ reporter 

gene, in which the A.cl binding site is placed upstream of 

lacZ promoter. Thus, upon addition of the small mol . heterodimer Mtx-SLF, 

the XcI-FKBP12 and aNTD -DHFR fusion protein are dimerized, 

which then drives the lacZ transcription. This bacterial small mol. 

three-hybrid system is useful for high- throughput 

mol. drugs and drug- interacting protein targets. 
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TI Directed Evolution of a Glycosynthase via Chemical Complementation 
AB Recently, we reported a general assay for enzyme catalysis based on the 
yeast three-hybrid assay, Chemical Complementation, which 
is intended to expand the range of chemical reactions to which directed 
evolution can be applied. Here, Chemical Complementation was applied to a 
glycosynthase derived from a retaining glycosidase, an important class of 
enzymes for carbohydrate synthesis. Using the yeast three- 
hybrid assay, the glycosynthase activity of the E197A mutant of 
the Cel7B from Humicola insolens was linked to transcription of a LEU2 
reporter gene, making cell growth dependent on 

glycosynthase activity in the absence of leucine. Then the LEU2 selection 



was used to isolate the most active glycosynthase from a Glul97 saturation 
library, yielding an E197S Cel7B variant with a 5-fold increase in 
glycosynthase activity. These results not only establish Chemical 
Complementation as a platform for the directed evolution of 
glycosynthases, but also show the generality of this approach and the ease 
with which it can be applied to new chemical reactions. 
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TI Three hybrid assay system for isolating ligand-binding 
polypeptides and for isolating small mol . ligands 

AB The invention provides compns . and methods for isolating ligand-binding 
polypeptides for a user-specified ligand, and for isolating small mol. 
ligands for a user-specified target polypeptide using an improved class of 
hybrid ligand compds . Preparation of compds . , e.g a methotrexate 
moiety linked by a polyethylene gycol moiety to dexamethasone, is 
described. 
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TI A Three-Hybrid Approach to Scanning the Proteome for 
Targets of Small Molecule Kinase Inhibitors 

AB In this study, the authors explored the application of a yeast 3 -hybrid ( 
Y3H) -based compound/protein display system to scanning the proteome 
for targets of kinase inhibitors. Various known eye 1 in -dependent kinase 
(CDK) inhibitors, including purine and indenopyrazole analogs, were 
displayed in the form of methotrexate -based hybrid ligands and 
deployed in cDNA library or yeast cell array-based screening formats. For 
all inhibitors, known cell cycle CDKs as well as novel candidate CDK-like 
and/or CDK-unrelated kinase targets could be identified, many of which 
were independently confirmed using secondary enzyme assays and affinity 
chromatog. The Y3H system described here may prove generally 
useful in the discovery of candidate drug targets. 
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TI Bacterial small -mol. three-hybrid system comprising 

dimeric Mtx-SLF ligand that bridges. Xcl and NTD fusion proteins for 
detecting protein-small molecule interactions 

AB The present invention provides a transgenic bacterial cell comprising (a) 
a dimeric small mol. which comprises a first moiety known to bind a first 
receptor domain covalently linked to a second moiety known to bind a 
second receptor domain; (b) nucleotide sequences which upon transcription 
encode (i) a first fusion protein comprising the first receptor domain, 
and (ii) a second fusion protein comprising the second receptor domain; 
and (c) a reporter gene wherein expression of the 
reporter gene is conditioned on the proximity of the 
first fusion protein to the second fusion protein. The cell is also 
adapted for use in a method for identifying a mol. that binds to a known 
target in a bacterial cell from a pool of candidate mols., and a method 
for identifying an unknown target receptor to which a mol. is capable of 
binding in a bacterial cell. Also described are compds . and kits for 
carrying out the methods. The examples describe the synthetic preparation of a 
heterodimer of methotrexate and a synthetic analog of FK507 
(SLF) , referred to as Mtx-SLF. Mtx-SLF was used to dimerize a 
XcI-FK506 binding protein 12 protein chimera and an 
aNTD-dihydrofolate reductase protein chimera. 
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TI Receptor-dependence of the transcription read-out in a small -molecule 

three-hybrid system 
AB Small-mol. three-hybrid systems show promise as an in 

vivo alternative to affinity chromatog. for detecting small-mol. - protein 

interactions. While several three-hybrid systems have 

been reported, little has been done to characterize these systems and, in 
particular, to test the assumption that the protein - small-mol. 
interaction can be varied without disrupting the transcription read-out. 
Recently we reported a dexamethasone - methotrexate chemical 
inducer of dimerization (CID) for use in the yeast three- 
hybrid system, based on the well-studied ligand - receptor pairs 
dexamethasone (Dex) - glucocorticoid receptor (GR) and 
methotrexate (Mtx) - dihydrof olate reductase (DHFR) . Here we 
describe our first efforts to characterize this system, by focusing on a 
comparison of the activity of a bacterial and a mammalian DHFR as a test 
case of the influence of the ligand - receptor pair on the transcription 
read-out. By using a lacZ reporter gene, the activity 

of several GR and DHFR protein chimeras with different orientations and 
linker sequences and Dex - Mtx CIDs with different chemical linkers have been 
compared. In addition, Western analyses and in vivo biochem. assays have 
been carried out to confirm the integrity of the GR and DHFR protein 
chimeras. The transcription read-out is found to be much more sensitive 
to the structure of the protein chimeras than the CID. The most 
surprising result is that the levels of transcription activation are 
consistently higher with the bacterial than the mammalian DHFR, despite 
the fact that both proteins bind Mtx with an inhibition constant (Kl) in the 
low pM range. These results set the stage for understanding three 
-hybrid systems at the biochem. level so that they can be used 
to detect ligand - receptor pairs with a range of structures and dissociation 
consts . 
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TI A bacterial small -molecule three-hybrid system 

AB The authors report the first robust bacterial RNA polymerase small mol. 
three-hybrid system. This system is based on the 
interaction between the small mol. methotrexate and a synthetic 
analog of FK506 (SLF) and their protein receptors, dihydrof olate reductase 
and FK506-binding protein 12 (FKBP12) . In this assay, the binding site 
for the DNA-binding protein Xcl is placed upstream of the promoter 
for a lacZ reporter gene. XCI is fused to 

FKBP12 and the N-terminal domain of the a-subunit of RNA polymerase 
(aNTD) is fused to DHFR. Thus, upon addition of the small mol. 
heterodimer Mtx-SLF, the XcI-FKBP12 and aNTD -DHFR fusion 
protein are dimerized, thus activating transcription of the lacZ gene. 
Synthesis of the Mtx-SLF heterodimer is described. The levels of small 
mol. induced transcription activation were quantified using liquid lacZ 
assays. The levels of transcriptional activation depend on the concentration 

of 

Mtx-SLF in the bacterial three-hybrid system. The 

bacterial small mol. three-hybrid system described 

here should provide a platform for high -throughput assays based on 

protein-small mol. interactions. 
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TI A GAL4 -based yeast three-hybrid system for the 

identification of small molecule-target protein interactions 

AB We report the development of a yeast strain designed for assaying 
compound -protein interactions through activation of reporter 
gene expression. Activation of lacZ expression, driven by the 
GAL4 promoter, has been demonstrated for precedented compound-protein 
interactions between FK506 and FK506 binding protein 12 (FKBP12) and also 
between methotrexate (MTX) and dihydrof olate reductase (DHFR) . 
Reporter gene expression was completely abrogated in a 



competitive manner by the presence of excess FK506 or MTX, resp. In 
addition, a strain expressing a mutated DHFR clone with decreased binding 
affinity for MTX was not capable of activating reporter 
gene expression. While strain sensitivity is compound -dependent, 
the min. compound concentration necessary to drive reporter gene 
expression was 20 nM for the FK506-FKBP12 interaction. The utility of 
this strain as a tool for identifying unknown compound-binding proteins has 
been demonstrated by screening a mouse cDNA library for clones that encode 
proteins capable of binding MTX. Four library clones of mouse DHFR were 
identified after screening 5+106 clones. The screen background was 
low and false positives were easily identified, making this yeast system 
particularly amenable for use in a screening context for novel 
compound-protein interactions. 
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TI Yeast three-hybrid system for in vivo drug screening 

and enzyme evolution using chemical inducers of dimerization 

AB The disclosed invention relates to the evolution of enzymes in vivo, and 
drug screening in vivo through the use of chemical inducers of protein 
dimerization. The subject invention provides a compound having the formula: 
H1--X--B-Y--H2 wherein each of HI and H2 may be the same or different and 
capable of binding to a receptor which is the same or different; wherein 
each of X and Y may be present or absent and if present, each may be the 
same or different spacer moiety; and wherein B is an enzyme cleavable 
moiety. This invention also provides a method of screening proteins for 
the ability to catalyze bond cleavage or bond formation, comprising the 
steps of: (a) providing a cell that expresses a pair of fusion proteins 
which upon dimerization change a cellular readout; (b) providing the 
compound of the invention which dimerizes the pair of fusion proteins, said 
compound comprising two portions coupled by a bond that is cleavable or 
formed by the protein to be screened; and (c) screening for the cellular 
readout, wherein a change the cellular readout indicates catalysis of bond 
cleavage or bond formation by the protein to be screened. However, it has 
not heretofore been suggested to use small mol . induced protein 
dimerization to screen for catalysis in vivo., and specifically, it has 
not been suggested to use an enzyme cleavable moiety to link two mols. to 
dimerize proteins. This invention provides proteins de novo with 
prescribed binding and catalytic properties and permits screening cDNA 
libraries based on biochem. function. Practically, we believe that 
powerful screens in combination with existing randomization techniques 
will make it possible to take an existing protein fold and evolve it into 
an enzyme with a new function generating useful catalysts for the 
pharmaceutical and chemical industries. Since the screen is done in vivo and 
in both prokaryotes and eukaryotes, the methodol . can be applied to 
functional genomics and drug discovery. A new chemical inducer of 
dimerization (CID) was recently developed in Professor Cornish's lab, 
which uses a heterodimer of methotrexate (MTX) and dexamethasone 



(DEX) which, when placed in the yeast three-hybrid 

system, reconstitutes transcription of the lacZ gene. The effects of 
altering the structure of the DEX-MTX CID and the protein chimeras in the 
three-hybrid assay were investigated. It was observed that 
all DEX-MTX CIDs, except the DEX-MTX CID with the shortest chemical linker, 
showed the ability to induce p-galactosidase levels at levels 400% 
above strains possessing no CID. The DEX-MTX CIDs showed little or no 
increase in 3-galactosidase levels above background levels in strains 
where dihydrofolate reductase (DHFR) from E. coli was replaced by DHFR 
from murine. The three-hybrid system did show some 

directional preference to the way in which the receptors where fused to 
the DNA binding domain and the activation domain. These studies have led 
to a better understanding of the factors that are important in activating 
transcription in the DEX-MTX yeast three-hybrid 
system. 
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